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Abstract
Detecting manoeuvres of satellites in a database is an issue to keep those objects in the database instead
of having multiple instances. Those multiple instances may occur because manoeuvres lead to difficulties
in the object identification and orbit determination process. Efficient manoeuvre detection helps reducing
the number of duplicate objects by connecting orbits after a manoeuvre to those before.
This work is based on an earlier study where methods traditionally used for collision probability esti-
mation were used to identify manoeuvres. It was possible to calculate a “collision probability” of two
osculating element sets, representing two pseudo-objects, and therefore to decide whether a manoeuvre
took place. Furthermore, by scanning the interval between both osculating epochs, e.g. calculating one
collision probability for each time step, it was possible to estimate the manoeuvre epoch, too.
In the transistion to optical observations, the distribution of observations of the satellites of interest to
determine orbits of sufficient quality is an open issue. One has to find a compromise between dense
observation distribution and not focussing solely on that topic. Otherwise, the telescop may be blocked
just for that one project, without being intended to. In this study, we compare the former observation
strategy to the upcoming one.
The satellites are identical to those of the previous study, being Meteosat−8, −9, −10, and −11 operated
by EUMETSAT. The optical observations are planned for the telescope network SMARTnetTM. Due to
the geostationary orbits of the satellites, the only affected telescopes of the network are in Sutherland
(South Africa) and Zimmerwald (Switzerland), respectively.
1. Introduction
In the sense of maintaining a database of objects,
identifying manpeuvres is an issue. Otherwise, it
might be possible that multiple instances of the
same objects are stored. These multiple instances
are the result of deviations between the orbital ele-
ments before and after the manoeuvre, respectively.
These deviations may lead to problems in the iden-
tification process and observations after the ma-
noeuvre are not filtered to the correct object, but
instead stored as a new detection.
To minimise - or ideally to avoid - those wrong
“new” detections, criteria have to be found to con-
clude that two orbital element sets belong to the
same object and the reason for the deviation is a
manoeuvre.
In a precursor study (see [4] for details), opera-
tor data in form of state vector together with SRP
coefficient and satellite mass were taken from the
satellites Meteosat−8, −9, −10, and −11. These
satellites are operated by EUMETSAT and orbital
elements are published on a weekly basis ([2]).
Although orbit determination software may be
equipped with a module to estimate manoeuvres,
the results of the manoeuvre detection analysis may
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be used to adjust the estimation parameters.
1.1 Manoeuvres as a special Kind of Collision
At the manoeuvre epoch, a satellite changes its or-
bit. The elements for both orbits are given. We
can now define one pseudo-object on each orbit,
propagate the positions to the same epochs, and
calculate an “encounter” probability. At the ma-
noeuvre epoch, the “encounter” probability should
reach a maxmimum, which will nevertheless not be
equal to 1 as orbits carry uncertainties. To achieve
information as reliable as possible, the time inter-
val between both osculating epochs is scanned and
for each epoch a probability is calculated.
Because the pseudo-objects have similar orbital
periods, there will be resonant behaviour, e. g. the
“encounter” probability will reach a maximum once
or twice an orbital period, depending on manoeu-
vre type. Therefore another decision criteria was
introduced where the values of the highest and the
second highest maximum are compared; the ratio
is called peak contrast.
The method is described in detail in [4], the con-
tributing formulae based on [1].
1.2 Application to Observations
Although operator data was used in the aforemen-
tioned study, the origin of the orbital elements may
be arbitrary. Consequently, future analyses shall be
performed with observations obtained by the tele-
scope network SMARTnetTM(see [3] for details on
the network).
First of all, a suitable observation schedule has
to be established in the sense of gathering enough
observations for a good quality orbit and leaving
enough time for other observations, respectively. It
is the intention to fit such special projects into the
regular observation schedule, i. e. survey and regu-
lar fullow-up observations.
Using an established observation scheduler in-
side the telescope managing software, objects
for follow-up observations are selected internally,
which makes it unforeseeable when an object will
be observed. Objects may be observed as often as
possible throughout the night, but the time interval
between to series may be arbitrary. This behaviour
is shown in Fig. 1 for the satellite Meteosat−8 be-
tween mid of April and beginning of September,
2018. On the x-axis, there is the date of obser-
vation where the night began. Epochs (shown on
the y-axis) past midnight are also assiciated to that
date, hence observations of one night are plotted in
a single column. There is no pattern visible, which
may indicate a regular distribution tracklets.
Already with this scheduler, the user has some
control over the image acquisition, but not as much
as with using the optisied scheduling procedure,
which is described in the following section.
2. Resulting Orbits
EUMETSAT publishes orbits and schedules ma-
noeuvres once a week (see again [2]). Although, the
measurement periods leading to the correspond-
ing orbital elements are not stated, we took op-
tical measurements with an arc length of one week,
starting on Mondays. The fact that observations
are sparser distributed in some weeks than in oth-
ers is already visible in Fig. 1. Table 1 confirms
this impression where the observation arcs are sum-
marised. When only one series of observation were
taken in the period, no arc length is given as it
equals the length of the tracklet, which is in the
order of minutes.
In the selected 11 periods, there were only six
with more than one tracklet, of which three had
arc lengths of more than half a week. Compared to
the Fig. 1, these results seem representative.
Table 1: Number of tracklets and corresponding arc
length in weekly periods
Period in 2018 # of Tracklets Arc Length (d)
25/6 to 1/7 1
2/7 to 8/7 26 4.427
9/7 to 15/7 0
16/7 to 22/7 6 3.316
23/7 to 29/7 0
30/7 to 5/8 0
6/8 to 12/8 35 5.436
13/8 to 19/8 16 5.142
20/8 to 26/8 5 1.004
27/8 to 2/9 1
3/9 to 9/9 3 0.820
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Figure 1: Distribution of observations of the satellite Meteosat−8 (2002-049B)
3. Optimised Scheduling
Based on the first results presented above, the ob-
servation strategy had to be re-organised.
3.1 Operation Mode
The scheduler is based on a genetic algorithm to op-
timise on the one hand the information content of a
measurement and on the other hand the detectabil-
ity of the target object. Furthermore, additional
observation requirements may be specified for as-
signed objects. The first specification is the num-
ber of measurements. Observations for these ob-
jects are scheduled uniformly distributed over the
whole night. The second specification is the fre-
quency of the observations. Finally, if both spec-
ifications are set, the observations will be sched-
uled with the given frequency around the optimal
observation time of the target object. Depending
on the number of assigned objects not all require-
ments may be fulfiled but a minimal required time
between observations of one target object ensures
unique measurements. The entire optimisation pro-
cedure is described in [5].
3.2 Meteosat−8 as Example
The boundary conditions for the example satel-
lite Meteosat−8 were: as many as observation se-
ries should be performed and time interval be-
tween series has to be 30 min. The resulting
schedule created with the optimised scheduling
method is shown in Fig. 2 for nights of Septem-
ber 10th, 2018 and onwards. For clearity reasons,
the scheduled epochs are shown only for the satel-
lite Meteosat−8 (2002-049B). Each square repre-
sents an epoch where observations are scheduled.
The large gap around 21:00 UTC represents pas-
sages through the Earth’s shadow, the smaller gap
around 00:00 UTC is a close distance to the Moon.
No observations were scheduled at those epochs but
as close as possible when conditions allowed them
again.
In practise, not all observations at these sched-
uled epochs will be successful, as weather condi-
tions may change thoughout the night. Further-
more, the observation time may be reduced by
hardware and software issues, respectively.
The high density of observations serve the pur-
pose of avoiding resonant behaviour in the orbit
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# Mjd Date Norad
58371.71389 2018-09-10 17:08:00.00 2018-09-10 17:08:00
58371.73472 2018-09-10 17:38:00.00 2018-09-10 17:38:00
58371.75556 2018-09-10 18:08:00.00 2018-09-10 18:08:00
58371.77639 2018-09-10 18:38:00.00 2018-09-10 18:38:00
58371.79722 2018-09-10 19:08:00.00 2018-09-10 19:08:00
58371.81806 2018-09-10 19:38:00.00 2018-09-10 19:38:00
58371.83889 2018-09-10 20:08:00.00 2018-09-10 20:08:00
58371.90764 2018-09-10 21:47:00.00 2018-09-10 21:47:00
58371.92847 2018-09-10 22:17:00.00 2018-09-10 22:17:00
58371.94931 2018-09-10 22:47:00.00 2018-09-10 22:47:00
58371.97014 2018-09-10 23:17:00.00 2018-09-10 23:17:00
58371.99097 2018-09-10 23:47:00.00 2018-09-10 23:47:00
58372.01806 2018-09-11 00:26:00.00 2018-09-10 24:26:00
58372.03889 2018-09-11 00:56:00.00 2018-09-10 24:56:00
58372.05972 2018-09-11 01:26:00.00 2018-09-10 25:26:00
58372.08056 2018-09-11 01:56:00.00 2018-09-10 25:56:00
58372.10139 2018-09-11 02:26:00.00 2018-09-10 26:26:00
58372.12222 2018-09-11 02:56:00.00 2018-09-10 26:56:00
58372.14306 2018-09-11 03:26:00.00 2018-09-10 27:26:00
58372.16389 2018-09-11 03:56:00.00 2018-09-10 27:56:00
58372.71424 2018-09-11 17:08:30.00 2018-09-11 17:08:30
58372.73507 2018-09-11 17:38:30.00 2018-09-11 17:38:30
58372.7559 2018-09-11 18:08:30.00 2018-09-11 18:08:30
58372.77674 2018-09-11 18:38:30.00 2018-09-11 18:38:30
58372.79757 2018-09-11 19:08:30.00 2018-09-11 19:08:30
58372.8184 2018-09-11 19:38:30.00 2018-09-11 19:38:30
58372.83924 2018-09-11 20:08:30.00 2018-09-11 20:08:30
58372.90799 2018-09-11 21:47:30.00 2018-09-11 21:47:30
58372.92882 2018-09-11 22:17:30.00 2018-09-11 22:17:30
58372.94965 2018-09-11 22:47:30.00 2018-09-11 22:47:30
58372.97049 2018-09-11 23:17:30.00 2018-09-11 23:17:30
58372.99132 2018-09-11 23:47:30.00 2018-09-11 23:47:30
58373.0184 2018-09-12 00:26:30.00 2018-09-11 24:26:30
58373.03924 2018-09-12 00:56:30.00 2018-09-11 24:56:30
58373.06007 2018-09-12 01:26:30.00 2018-09-11 25:26:30
58373.0809 2018-09-12 01:56:30.00 2018-09-11 25:56:30
58373.10174 2018-09-12 02:26:30.00 2018-09-11 26:26:30
58373.12257 2018-09-12 02:56:30.00 2018-09-11 26:56:30
58373.1434 2018-09-12 03:26:30.00 2018-09-11 27:26:30
58373.16424 2018-09-12 03:56:30.00 2018-09-11 27:56:30
58373.71458 2018-09-12 17:09:00.00 2018-09-12 17:09:00
58373.73542 2018-09-12 17:39:00.00 2018-09-12 17:39:00
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Figure 2: Distribution of scheduled observations of the
satellite Meteosat−8 (2002-049B)
determination phase. When a little number of ob-
servations is taken and repeatedly around the same
time every night, the true anomalies are about the
same and the orbit might not be represented cor-
rectly. Those critical conditions are only valid for
geostationary satellites. Nevertheless, for each or-
bital region there are conditions, where resonant
behaviour may occur.
3.3 Restrictions in the Observation Phase
Having a database of objects, this schedule cannot
be performed with all objects trying to detect each
and every manoeuvre. The corresponding set up
of observation conditions have to be worked out in
the observation phase.
To date, due to other important projects, no ob-
servations could be taken for this study.
4. Conclusions
This study presented preparatory analyses for ob-
servations in the scope of manoeuvre detection
based on optical observations. Due to sparse obser-
vations based on a former used observation sched-
uler and resulting orbits of insufficient quality, a
new scheduler using optimisation criteria was im-
plemented. Observations will be scheduled accord-
ing to results of the new scheduler. Start of the
observation campaign is assumed to be late 2018.
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